Background: Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) can lead to end-stage renal disease in patients with renal involvement. Objective: This study evaluated the survival of AAV patients on chronic dialysis in France. Methods: Between 2002 and 2011, a total of 425 AAV patients started chronic dialysis and were registered in the Renal Epidemiology and Information Network. We analysed survival censored for renal transplantation, recovery of renal function and loss to follow-up. AAV patients were compared with 794 matched non-AAV patients on chronic dialysis. Results: A total of 166 (39%) patients with microscopic polyangiitis and 259 (61%) patients with granulomatosis with polyangiitis were registered. Within a median follow-up of 23 months, 58 (14%) patients received a renal allograft and 19 (4%) recovered renal function. Median survival on dialysis was 5.35 years (95% CI, 4.4-6.3) and
Summary
Background: Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) can lead to end-stage renal disease in patients with renal involvement. Objective: This study evaluated the survival of AAV patients on chronic dialysis in France. Methods: Between 2002 and 2011, a total of 425 AAV patients started chronic dialysis and were registered in the Renal Epidemiology and Information Network. We analysed survival censored for renal transplantation, recovery of renal function and loss to follow-up. AAV patients were compared with 794 matched non-AAV patients on chronic dialysis. Results: A total of 166 (39%) patients with microscopic polyangiitis and 259 (61%) patients with granulomatosis with polyangiitis were registered. Within a median follow-up of 23 months, 58 (14%) patients received a renal allograft and 19 (4%) recovered renal function. Median survival on dialysis was 5.35 years (95% CI, 4.4-6.3) and survival rates at 3 months, 1, 3 and 5 years were 96%, 85%, 68% and 53%, respectively. A total of 143 (41%) patients died after a median of 16 months. Causes of death were cardiovascular (29%), infections (20%), malnutrition (13%), malignancies (4%), AAV relapse (2%), miscellaneous (14%) and unknown (18%). Multivariate logistic regression identified three independent risk factors associated with AAV patients' mortality: age (HR = 1.05/year, P < 0.001), peripheral artery disease (HR = 2.62, P = 0.003) and frailty (HR = 2.43, P < 0.001). Survival of AAV patients did not differ from non-AAV controls, but infectious mortality was higher in AAV patients (20% vs. 8%, P < 0.001). Conclusion: Survival of AAV patients in chronic dialysis, although poor, was comparable to survival of non-AAV controls on dialysis. There was a similar burden of cardiovascular mortality, but higher infectious mortality.
Introduction
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are small-vessel vasculitides, including granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA) and eosinophilic GPA. 1 The incidence of AAV in Europe is 10-20/million/year and occurs at a peak age of 65-74 years. 2 Renal vasculitis is a frequent severe manifestations of AAV, 3 occurring in 50% of patients at presentation, and up to 70-85% of patients with GPA or MPA during the course of their disease. 4 Historically, left untreated, active AAV resulted in a 1-year mortality >80%. 4 Although immunosuppressive drugs have dramatically improved the survival of AAV patients, 5, 6 end-stage renal disease (ESRD) has remained common and chronic renalreplacement therapy (RRT) is needed for up to 30% of patients with moderate to severe renal disease at diagnosis. 4, 7, 8 Severe renal failure at presentation is associated with poor survival in AAV patients. [8] [9] [10] Renal function may eventually recover (49-69% following induction treatment 11 ), with or without residual chronic kidney disease, or RRT may be needed.
In Europe, median survival on chronic dialysis is 3-6 years (5 years in France
12
) and the main cause of mortality is cardiovascular disease (CVD), followed by infections and malignancy. 13, 14 The specific survival rates and outcomes for AAV patients after initiation of RRT have only been described in small cohorts of patients in Europe. [15] [16] [17] The objective of this study was to evaluate the survival of incident AAV patients on chronic dialysis in France using data from the Renal Epidemiology and Information Network (REIN) registry.
Subjects and methods

Patient population, data collection and definitions
All patients with ESRD secondary to AAV (as a primary or associated diagnosis declared by the attending nephrologist), registered in REIN between 1 January 2002 and 31 December 2011, were included. REIN was founded in 2001 as a tool to provide support, evaluation and research on public health. 18 It has progressively covered the French territory between 2002 and 2011, with a 100% uptake of patients starting RRT in each participating region. Data are collected prospectively at the initiation of RRT (i.e. hemodialysis, peritoneal dialysis or transplantation) for all patients in France with renal failure considered irreversible by the attending nephrologists, who provide clinical and demographic information, updated annually by a team of 36 clinical research assistants dedicated to REIN. Patients requiring RRT for acute renal failure are not registered in REIN. Six types of events are reported in REIN from the first day of RRT: (i) renal transplantation, (ii) registration on the kidney-transplantation waiting list, (iii) changes in dialysis setting, (iv) changes in type of dialysis, (v) transient recovery of renal function and (vi) death. If a death occurs, the main cause of mortality is recorded. The national ethics committee (Commission Nationale de l'Informatique et des Libertés) approved the data collection conducted by REIN, and this study was approved by the scientific committee of REIN.
Baseline information included age at the start of dialysis, gender, primary renal disease, body-mass index (BMI) and serum albumin. We studied the following comorbidities: diabetes, hypertension, congestive heart failure, peripheral vascular disease, coronary heart disease, cerebrovascular disease, chronic respiratory disease, active malignancy, mobility status and smoking. 18 The initial dialysis modality was studied in three categories: hemodialysis in the hospital center, other hemodialysis and peritoneal dialysis. Patients who recovered renal function before 45 days on dialysis were excluded.
Malnutrition was defined as a serum-albumin level of <3 g/dl and/or a BMI of <20 kg/m 2 .
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Frailty was defined by an inability to walk without help. 19, 22, 23 Primary renal diseases were coded according to the thesaurus of the French Society of Nephrology. 18 Dialysis started in an emergency was defined as a life-threatening circumstance that required dialysis within 24 h.
Any deaths were registered from the first day of dialysis up to the study's end-point on 31 December 2011.
Aims of the study
The main objective of this study was to evaluate the survival of AAV patients in chronic dialysis. Additional objectives were to identify the causes of mortality as well as the predictors for mortality in this population.
Two approaches were used. First, analyses were only performed among AAV patients identified in REIN. The primary outcome examined was the survival of patients, censored for recovery of renal function, renal transplantation, loss to follow-up, or the end of the study. To indicate the global prognosis of AAV patients in RRT, a survival analysis was also performed without censoring for renal transplantation. We then performed the same analyses to compare AAV patients with non-AAV patients in dialysis, who were matched (1:2) for the following characteristics: age (AE2 years), gender, diabetes, dialysis start in an emergency, chronic lung disease, malnutrition, frailty, dialysis modality (hemodialysis or peritoneal dialysis) and CVD (defined as 51 of the following: coronary artery disease, congestive heart failure, peripheral vascular disease, cerebrovascular disease). Comparisons were also performed among AAV patients between MPA and GPA.
Statistical analyses
For descriptive factors, results were expressed as frequencies and percentages for categorical variables. Means and standard deviations or medians and interquartile ranges (IQRs) were used for continuous variables with asymmetrical distributions. Survival probabilities from the initiation of RRT were estimated using the Kaplan-Meier method and compared using the log-rank test for equality of the survival curves. Survival probabilities of AAV patients were also compared using the log-rank test between two periods, from 2002 to 2006 and from 2007 to 2011. Univariate survival analyses were performed using the log-rank test. Multivariate analyses of AAV patients' survival used Cox's regression model: parameters with a log-rank P < 0.25 in the Kaplan-Meier univariate analysis were entered into multivariate analyses, as well as age. The variables that did not affect survival significantly were removed by a backwards stepwise procedure according to a likelihood ratio. A P-value of 40.05 was considered statistically significant. The analyses were conducted using SPSS19 and SAS9.3 softwares. We also performed a competing risk analysis for the estimation of AAV patients' survival, considering recovery of renal function and renal transplantation as competing risks (macro %cuminc, SAS software).
Results
Characteristics of AAV patients at the initiation of RRT
Between 2002 and 2011, a total of 425 AAV patients starting RRT were registered in REIN: 259 (61%) with GPA and 166 (39%) with MPA. Most patients (75%) had biopsy-proven AAV nephropathy. These patients represented 0.7% of the 63 311 patients incident in RRT in France during this period.
Demographics and baseline characteristics are described in Table 1 . The gender ratio was 1.4 (249 male, 176 female). The median age at the initiation of dialysis was 70 years (range: 7-93 years, IQR 60-78), with four pediatric patients (aged 7-12 years old). Dialysis was initiated as an emergency for 174 (44%) patients, and 279 (66%) patients started hemodialysis on a central venous catheter. As first treatment modality, most patients (94%) were treated with hemodialysis, mainly in hospital centers (90%), whereas only 27 (6%) were treated with peritoneal dialysis.
Comorbid conditions of the AAV patients when dialysis was initiated were hypertension (64%), malnutrition (44%), chronic lung disease (16%), congestive heart failure (15%), diabetes mellitus (14%), coronary artery disease (12%), cerebrovascular disease (11%), peripheral vascular disease (5%) and malignancy (5%). Frailty was reported in 55 (13%) patients. Baseline characteristics were similar between MPA and GPA patients (Table 1) , except for chronic lung disease, which was more frequent in MPA patients (23% vs. 11%, P = 0.01), and progressive malignancy, which was more frequent in GPA patients (7% vs. 2%, P = 0.02).
During the study period ( Figure 1 ), 45 (11%) patients (16 MPA and 29 GPA) partially recovered renal function, which allowed RRT withdrawal after a median duration of 5 months (IQR 3-11). Among them, 19 remained dialysis-free at the last follow-up, whereas 26 recommenced dialysis after a median dialysis-free period of 14 months (IQR 2-24). Eighty-six (20%) AAV patients were listed on the kidney-transplantation waiting list, and 58 (14%) patients (19 MPA and 39 GPA) received a renal allograft after a median duration of 23 (IQR 12-35) months on dialysis (no preemptive transplantation, 55 deceased donors and 3 living donors). Graft function was lost in five (9%) allograft recipients (two primary graft failures; three graft failures after 7, 39 and 72 months), and two (3%) patients died with a functioning allograft after 8 months and 5 years. The 51 remaining patients had a functional allograft after a median follow-up of 13 (IQR 1.5-50) months.
Survival of AAV patients in chronic dialysis
The median follow-up period for AAV patients was 23 months (IQR 8-44). During this time (Figure 1 ), 348 patients remained on dialysis or returned to dialysis after a temporary recovery, of which 143 (41%) died after a median dialysis duration of 16 months (IQR 6-41): 87 (61%) GPA and 56 (39%) MPA patients. The median survival time was 5.35 years (95% CI, 4.4-6.3). Survival rates at 3 months, 1, 3 and 5 years were, respectively, 96%, 85%, 68% and 53% with no significant difference between GPA and MPA. Median survival was 5.6 years (95% CI, 4.4-6.8) for GPA and 4.7 years for MPA (95% CI, 3.2-6.0) patients (P = 0.59) (Figure 2) . Survival rates at 3 months, 1, 3 and 5 years were, respectively, 97%, 86%, 68% and 56% for GPA and 95%, 84%, 69% and 48% for MPA. Similar results were obtained with competing risk analysis (Supplementary Figure S1 ). Global survival of AAV patients in RRT without censoring at the time of renal transplantation was 5.8 years (95% CI, 5.1-7.4), which was not statistically different from survival on dialysis, with no difference between 47 (12) 23 (15) 24 (10) NS Missing data 37 (9) 11 (7) 26 (10) Myocardial infarction, n (%) 26 (7) 12 (8) 14 (6) NS Missing data 37 (9) 11 (7) 26 (10) Congestive heart failure, n (%) 57 (15) 25 (16) MPA and GPA (Figure 4 ). There was no difference in survival of AAV patients on dialysis between the two study periods (2002-06 and 2007-11, log-rank P = 0.19).
Principal causes of mortality in AAV patients in chronic dialysis
The causes of death for the 143 AAV patients were cardiovascular events (42: 29%), bacterial or viral infection (29: 20%), malnutrition (18: 13%), malignancy (6: 4%), AAV relapse (3: 2%) and other miscellaneous (20: 14%). Data were missing for 25 patients (18%). For 20 patients (14%), death occurred after withdrawal of dialysis. There was no significant difference in mortality causes between GPA and MPA, except for malignancy, which was more frequent in patients with MPA (9% vs. 1%, P = 0.02) ( Table 2 ).
Predictors of mortality in AAV patients in chronic dialysis
Six parameters were significantly associated with mortality in univariate survival analysis (Table 3) : malignancy, chronic lung disease, cerebrovascular disease, coronary artery disease, peripheral vascular disease and frailty. Frailty was the most significant risk factor associated with mortality.
Nine parameters (malnutrition, frailty, coronary artery disease, chronic lung disease, cerebrovascular disease, malignancy, peripheral vascular disease, myocardial infarction and congestive heart failure), as well as age, were entered in the multivariate logistic Cox's regression analyses. Dialysis modality was excluded because of the unbalanced distribution of modalities. After a backward stepwise procedure that comprised nine steps, three risk factors were independently associated with mortality in AAV patients: age (HR = 1.05 per year; 95% CI, 1.02-1.07; P < 0.001), peripheral vascular disease (HR = 2.62; 95% CI, 1.38-4.98; P = 0.003) and frailty (HR = 2.43; 95% CI, 1.48-3.99; P < 0.001).
Comparison of survival rates between AAV patients and matched control dialysis patients
Matching between AAV and non-AAV patients was performed randomly from the REIN database on a 2:1 basis. For some AAV patients, only one matched control could be found. The non-AAV matched dialysis control group thus comprised 794 patients. Table S1 ) were vascular disease (28%), glomerular disease (27%), unknown (17%), tubulo-interstitial nephritis (15%), hereditary (9%) and other (4%). AAV and non-AAV patients were comparable for non-matched characteristics except for the initiation of dialysis via a central venous catheter, which was more frequent in AAV patients (66% vs. 53%, P < 0.0001), and hypertension, less frequent in AAV patients (64% vs. 77%, P < 0.0001). Of note, although patients were matched for CVD in general, cerebrovascular disease was more frequent (11% vs. 5%, P < 0.0001) and peripheral vascular disease less frequent (5% vs. 14%, P < 0.0001) in AAV patients (Supplementary Table S1 ). As expected, a renal biopsy had been performed more frequently in AAV patients (75% vs. 22%, P < 0.0001).
Causes of ESRD (Supplementary
The median follow-up time for non-AAV patients was 18 (IQR 8-37) months. Recovery of renal function was observed in 40 (5%) patients, of which 19 remained dialysis-free at the last follow-up, and 134 (17%) received a renal allograft. There was no significant difference between AAV and non-AAV patients concerning inscription on a kidneytransplantation waiting list or the incidence of renal transplantation. During the follow-up period, 270 (42%) non-AAV patients on dialysis died. Median survival time was 5 years for non-AAV patients (95% CI, 4.2-6.1). Survival rates at 3 months, 1, 3 and 5 years were 95%, 84%, 67% and 48% for non-AAV patients (Figure 3 ). KaplanMeier survival analysis showed that there was no significant difference between survival of AAV and non-AAV patients, whether renal transplantation was censored (P = 0.94) or not ( Figure 4 ).
Comparison of causes of mortality between AAV and the matched dialysis controls
Although survival did not differ between AAV and non-AAV patients, the causes of mortality were different (Table 2) . Indeed, more AAV patients died from infectious causes (20% vs. 8%, P < 0.001), but there were less deaths by malignancy than for the matched controls (4% vs. 15%, P = 0.001).
Discussion
To our knowledge, to date, this is the largest national cohort study that has evaluated the survival of AAV patients in RRT in a European country. AAV patients accounted for 0.7% of all incident patients registered in REIN, which is the comprehensive registry of all incident patients in RRT in France. The median age at the initiation of dialysis was 70 years for AAV patients, which is close to the median age of starting dialysis in France (71 years in 2010 12 ). After a median follow-up of 23 months, the mortality rate in our cohort was 41%, which corresponded to a median survival time of 5.35 years that did not differ between MPA and GPA.
Three studies in the last decade have specifically reported on the outcomes of AAV patients on chronic dialysis. Weidanz et al. 16 reported on 46 AAV patients with ESRD from a referral center in the UK between 1971 and 2004. Lionaki et al. reported on 93 AAV patients in dialysis between 1986 and 2007, using data from the Chapell Hill registry. Finally, Tang et al. 25 have recently published a large cohort study and report data from 449 AAV patients within the Australia and New Zealand Dialysis and Transplant (ANZDATA) registry of Australia and New Zealand.
The survival rates of AAV patients on chronic dialysis in our cohort were 85%, 68% and 53% at 1, 3 and 5 years, respectively. In comparison, the 1-year survival rate was higher in the ANZDATA cohort (92% for MPA and 89% for GPA), 25 but the 5-year survival rate was similar. Survival rates at 1 and 5 years were 77% and 28% in the Chapell Hill registry, 24 and were 82% and 55% in the UK cohort. 16 In our cohort, the main causes of death were CVD (29%), followed by infections (20%). Although infections have been the main cause of mortality (15-58% of deaths) in smaller cohorts of AAV patients, 7, 16, 17, 24 CVD was the leading cause of death in the ANZDATA cohort, 25 with cardiac and vascular deaths accounting together for 23-25% of deaths, whereas infectious mortality was only 6-8%. In our cohort, as in the ANZDATA cohort, the type of AAV (MPA or GPA) was not associated with mortality. Of note, AAV relapses accounted for only 2% of deaths, which is in accordance with the recent study on the long-term follow-up of patients with severe AAV from the MEPEX study, 26 where only 3% of deaths were due to active vasculitis. Cancer was the cause of death in fewer AAV patients than we expected in this immunocompromised population, possibly because of the short follow-up duration.
Independent risk factors of mortality for AAV patients on dialysis were age, peripheral artery disease and frailty. The absence of autonomy (inability to walk, even with help) has been previously reported to be an independent risk factor for mortality (OR = 2.3, P < 0.0001) in a large cohort (n = 1642) of elderly French patients in dialysis. 19 The inability to walk without help, which was registered in the REIN at inclusion, was chosen here to define frailty (as could have gait speed). 23 There was no criterion for frailty in the ANZDATA registry: only age (HR = 1.47 per decade, P < 0.001) and initiation of dialysis at an earlier time (P = 0.02) were independent predictors of death.
To our knowledge, to date, only two studies have compared the survival rates and causes of mortality of AAV patients with non-AAV patients on dialysis. 25, 27 The control groups comprised all non-AAV dialysis patients, with different baseline characteristics (such as diabetes), and used adjusted models to correct for the different risk factors for death. After adjustment, no difference was found in the survival rates of AAV and non-AAV patients. In order to limit the confusion bias in this comparison, we closely matched our control dialysis population.
The main causes of mortality in the general dialysis population are CVD and infections. Low serumalbumin level and the use of a central venous catheter have also been described as important predictors of mortality. [28] [29] [30] In our study, two matched controls from the entire REIN registry were randomly assigned to each AAV patient. Thus, the non-AAV dialysis group was not representative of the general dialysis population in France (e.g. only 8% diabetic patients), but corresponded closely to AAV patients. We observed no significant difference in the global survival rates of AAV and non-AAV patients: this suggests that, for patients with severe AAV and renal involvement, vasculitis itself is not an additional risk factor for mortality on chronic dialysis.
Although survival rates were similar, causes of death differed between AAV and non-AAV patients. Indeed, although CVD was the leading cause of death in both groups, AAV patients had a higher rate of infectious mortality. This over-representation of infectious mortality may be the consequence of past or current immunosuppression in AAV patients, 9 and claims for preventive measures, such as pneumococcal vaccination. The frequent initiation of hemodialysis on a central catheter in patients with sudden onset of ESRD may also participate in this infectious mortality. 31 Although one could have expected a lower rate of cardiovascular mortality in AAV patients compared with patients with a longer history of chronic kidney disease and cardiovascular burden associated with it, the preeminent incidence of cardiovascular mortality we observed in our AAV patients, as in all dialysis patients, calls for additional preventative measures to be taken for this population. The major strengths of this study include the large number and relevance of the recorded variables as well as the unselected nature of the population. Our findings, however, should be interpreted in the light of the following limitations. First, although data were collected prospectively in REIN, significant proportion of data is missing for some parameters (such as smoking histories and serum-albumin values). Second, the few patients with persistent renal function recovery after 45 days on dialysis were not excluded. Although they were considered by the attending nephrologist as having chronic ESRD, and thus were included in REIN, these 19 patients (4% of the cohort) may be considered a posteriori as having acute renal failure. We chose not to include only patients who survived a minimum of 3 months on dialysis, in order to record all deaths from the first day on dialysis, in patients clinically considered as 'chronic' by the attending nephrologist. Then, all patients in chronic dialysis with a primary or associated diagnosis of AAV were included and, although most patients had biopsy-proven nephropathy, we cannot rule out that AAV might not have been the cause of ESRD for a small proportion of them. Finally, REIN registry is not specific to AAV, and specific scores for activity or organ involvement, as well as vasculitis vintage, immunosuppressive therapies and non-fatal relapses, were not recorded.
In summary, the survival of AAV patients on chronic dialysis, although poor, is acceptable with regards to the survival of matched patients with other causes of ESRD. Although it exposes patients to a higher rate of infectious mortality, which claims for monitoring of vaccination status in this population, AAV itself is not a risk factor for mortality on dialysis. Importantly, on chronic dialysis, AAV patients share the same cardiovascular burden as non-AAV patients and could benefit from cardiovascular monitoring.
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